
R E S E A R C H  &  D E V E L O P M E N T  A C H I E V E M E N T S  •  G O D D A R D S PA C E F L I G H T C E N T E R 2 0 1 0

National Aeronautics and Space Administration

2010_Goddard_AR_FINAL.qxd  1/13/11  10:14 PM  Page 1



Table of Co nte nt s
Message from the Chief Technologist: Forging a Path and Leaving a Trail . . . . . . . . . . . . . . . . . . . . .1

A Focus on Discipline: How We Select and Manage the Technology Portfolio  . . . . . . . . . . . . . . . . .2
> Goddard Lines of Business  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .3

Metrics for Gauging Success: A Snapshot of the Year’s Notable Achievements  . . . . . . . . . . . . . . . .4
> New Missions and Flight Opportunities  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .4
> Baselined for Use in Future Missions  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .7
> Follow-On Funding to Advance Technology-Readiness Levels  . . . . . . . . . . . . . . . . . . . . . . . . . .8
> New Capabilities  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .10
> Infusion into Commercial Products  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .12

Notable Achievements: Technologies to Watch . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .13

Recognizing Goddard’s Top Performers  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .16
IRAD Innovator of the Year: John Hagopian and the
“Nanostructures for Stray Light and Diffraction Suppression Team”

Future: Maturing Technologies Faster  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .17

In Memoriam: Dr. John B. Sigwarth  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .18

1
2

3

4
5

6
7

About the Cove r
In FY10, Go d d a rd te c h n o l o gists pursued a number of emerging te c h n o l o gi e s. Pi ct u re d

on the cover is John Hagopian examining a nanotech-based light- s u p p ression te c h-

nology that earned him the 2010 “ I RAD In n ovator of the Ye a r”awa rd. In s e rts include  a

new silico n - n i t ride window that co nt ri b u ted to the ce nter winning a  role on the new

Solar Probe Plus mission (top left); technician Millie Ma rtin analyzing amino acids in

i nte rp l a n e t a ry dust particles (top ri g ht); te c h n o l o gist Emily Wilson ex p e ri m e nting with

laser technology (bottom left); and a Wa l l o p s technician wo rking on a new micro s ate l-

l i te called SMA RT (bottom ri g ht ) .
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N at i on a l  Aerona ut i cs  an d Spa ce  Admi n i s t ra t i on      G o d d a rd  Spac e  F l i gh t  C ent e r

Message from the Chief Te c h n o l o gi s t :
Fo rging a Path and Le aving a Tra i l

C h a p ter One

Ralph Waldo Emerson once said, “ Do not go where the path may lead, go instead where there is no
p ath and leave a tra i l.”The sent i m e nt, I believe, aptly describes the course we’ve chosen for our Inte r-
nal Re s e a rch and De ve l o p m e nt (IRA D) pro gram. 

Fi ve years ago, we re vamped our pro gram to make it more opport u n i ty focused and better align e d
with the Ce nte r’s co re lines of business. Our goal was simple: We wa nted to gi ve our te c h n o l o gists a
co m p e t i t i ve adva ntage when they co m p e ted for alre a d y- i d e ntified mission and instrument opport u-
n i t i e s. We also wa nted to ex p l o re te c h n o l o gies that enabled whole new opportunities and missions.
The strategy paid off. Over the ensuing ye a r s, our re t u rn on inve s t m e nt increased each ye a r. Our te c h-
n o l o gists won an increasing number of new mission and instrument-d e ve l o p m e nt effo rt s, va s t l y
exceeding the inve s t m e nt we had initially made in these te c h n o l o gi e s.

Though we still are investing in te c h n o l o gies that satisfy neare r- te rm mission opportunities — and
still reaping the re wa rds — we have tweaked our pri o ri t i e s. We are investing a larger and larger share
of our limited inve s t m e nt dollars in earl y-stage innovat i o n s, using the same fo rmula of selecting only
those te c h n o l o gies that map to Go d d a rd’s co re lines of business. In fact, more than 35 perce nt of our
FY10 port folio included these types of inve s t m e nt s, which are longer- te rm and higher- risk in nat u re
and cover the range in capabilities, from instrument miniat u ri z ation and adva n ced laser te c h n o l o gi e s
to nanotechnology and adva n ced elect ro n i c s. The strategy is co nt i n u i n g. In FY11, 43 perce nt of our
p o rt folio is made up of earl y-stage innovat i o n s.  

We adopted this strategy even befo re NASA had begun advo c ating the deve l o p m e nt of ove r- t h e-
h o ri zon te c h n o l o gi e s. We believe d, as NASA exe c u t i ves do to d ay, that the strategy would blaze a 
new trail leading to bigger science, re d u ced mission risks and co s t s, and sign i f i c a ntly improve d
s c i e ntific re t u rn .

This re p o rt chronicles some of the ye a r’s successes on Go d d a rd’s technology fro nt, as we build our
te c h n o l o gical base to secure a new era of scientific discove ry. In addition to securing new wo rk, many
of our te c h n o l o gists va l i d ated new capabilities during airc ra ft flight s. They fo rged co l l a b o rations with
i n d u s t ry and academic te a m s. They cre ated new capabilities that will benefit te c h n o l o gists across the
ce nte r, and they fo rm u l ated co n cepts for future science and ex p l o ration missions. Their succe s s e s
b e n e f i ted Go d d a rd and the scientific co m m u n i ty as a whole. 

We have set a path that is strate gically aligned with the Ce nte r’s co re lines of business. Our pro gram is
highly co m p e t i t i ve and fo rwa rd re a c h i n g, designed to nurt u re innovat i ve ideas that are import a nt to
the Ag e n cy's future. We are addressing both identified opportunities and to a larger exte nt emergi n g
needs that will cre ate new opportunities in the future. We are going where no path ex i s t s, yet we aim
to leave a tra i l.

Pe ter Hughes
Chief Te c h n o l o gi s t
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A Focus on Discipline: How We Se l e ct
and Manage the Technology Po rt folio 
R&D by its ve ry nat u re is high ri s k. Some re s e a rch initiat i ves succeed; others do not. Th at does not
mean we approach R&D in a slapdash fashion. We are disciplined, guided by one basic re q u i re m e nt :
Whether the R&D inve s t m e nt is being made to win a near- te rm opport u n i ty, pre p a re us to win a
l o n g e r- te rm opport u n i ty, or even to ex p l o re a new approach or even a new mission, all awa rded IRA D
tasks must map to one or more of Go d d a rd’s official lines of business. They are selected because they
fulfill a clearly defined need or cre ate a unique new opport u n i ty.

“Half of life is luck; the other half is discipline — and that’s the important half, for
without discipline you wouldn’t know what to do with luck.”

— Carl Zuckmeyer, German Writer and Playwright

The IRAD proposals we funded in FY10 we re no diffe re nt. All we re strate gically align e d, highly
co m p e t i t i ve, and chosen because they addressed te c h n o l o gies import a nt to Go d d a rd and the
disciplines in which we have traditionally excelled (see page 3). A sign i f i c a nt number also addre s s e d
c rosscutting capabilities, those te c h n o l o gies that address two or more strate gic lines of business.
A sign i f i c a nt number also re p re s e nted earl y-stage innovations that have pote ntial to re vo l u t i o n i ze
s c i e ntific re s e a rch in the future.

High Pro b a b i l i ty of Fo l l ow-On Suppo rt and
New Sc i e ntific Di s cove r i e s
Just as import a nt, our FY10 IRAD awa rdees re ce i ved support because of their pro b a b i l i ty of re ce i v i n g
fo l l ow-on support from NASA and other gove rn m e nt part n e r s. The IRAD seed funding provided the
impetus for what we hope will ultimately lead to new mission and instrument opportunities and
b re a k t h rough scientific discove ries — our principal object i ve. 

Though we cannot guara ntee 100-perce nt success for eve ry technology funded — an unre a s o n a b l e
goal gi ven the inhere nt risk associated with R&D — a disciplined approach to port folio selection and
m a n a g e m e nt ce rtainly increases the likelihood of succe s s. Ce rtainly the successes re p o rted in this
re p o rt bear out the observat i o n .

N at i on a l  Aerona ut i cs  an d Spa ce  Admi n i s t ra t i on      G o d d a rd  Spac e  F l i gh t  C ent e r
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Go d d a rd’s St rate gic Lines of Business
In FY10, all IRA D-funded te c h n o l o gies mapped to one or more of the fo l l owing strate gic lines of
b u s i n e s s, areas where Go d d a rd has established a re p u t ation for exce l l e n ce. 

As t ro p hys i c s. . .
. . . focuses on missions and te c h n o l o gies aimed at answe ring: How do galaxies, stars, and planetary
s ys tems fo rm and evo l ve? Wh at is the dive r s i ty of wo rlds beyond our own solar sys tem? Which planets
m i g ht harbor life? Wh at happens to space, time, and mat ter at the edge of a black hole?

Co m m u n i cations and Nav i g at i o n . . .
...includes sys tems and te c h n o l o gies needed for re s p o n s i ve co m m u n i c ations and nav i g ation. Inve s t-
m e nts pri m a rily are intended to support NASA’s Exploration, Space Operat i o n s, and Sc i e n ce
D i re cto rate s.  

E a rth Sc i e n ce. . .
.. . focuses on developing te c h n o l o gies needed to observe and understand changes in Eart h’s climate
s ys tem. Te c h n o l o gies include state-o f - t h e- a rt re m o te sensors and airc ra ft-based and surf a ce- b a s e d
o b s e rvational plat fo rm s.

E x p l o rat i o n . . .
. . . a d d resses te c h n o l o gies and sys tems needed for future ex p l o ration missions to the Moon and Ma r s.
Such sys tems could include highly adva n ced sensors and plat fo rm s, autonomous re n d e zvous and
d o c ki n g, miniat u ri zed instrument ation, imagi n g, and applied science for ex p l o rat i o n .

He l i o p hys i c s. . .
. . . a d d resses solar struct u re and magnetic act i v i ty, solar wind, solar disturb a n ce s, and their effe cts on
E a rt h’s upper at m o s p h e re. Wavelength cove rage spans gamma rays to microwaves and includes
p a rticles and fields.

P l a n e t a ry and Lunar Sc i e n ce. . .
. . . s u p p o rts new scientific measure m e nts to ex p l o re the solar sys tem. Pri m a ry re s e a rch areas include
i n s t r u m e nts for landers and orbiting space c ra ft.

As t ro p hy s i cs

Ea rth Sc i e n ce

Planetary & Lunar Science

E x p l o ra t i o n

H e l i o p hy s i cs

N at i on a l  Aerona ut i cs  an d Spa ce  Admi n i s t ra t i on      G o d d a rd  Spac e  F l i gh t  C ent e r
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Me t rics for Ga u ging Success: A Snap-
shot of the Ye a r’s Notable Ac h i e ve m e nt s
It often takes years for new te c h n o l o gies to mat u re and re a l i ze the ultimate goal of our R&D pro gra m ;
t h e re fo re, we use a va ri e ty of metrics to gauge our success along the way.

The most tangible measure is whether an IRA D-funded technology is chosen for inclusion in a new
mission or instrument opport u n i ty or re ce i ves fo l l ow-on funding from an exte rnal source, such as a
NASA ROSES awa rd, to co ntinue the te c h n o l o g y’s mat u ration. Success also is measured by whether
an IRA D-funded technology is licensed to a co m m e rcial co m p a ny, if it is baselined for pote ntial use
in a future mission, or if it leads to a new capability that benefits other te c h n o l o gists in their ow n
R&D effo rt s.

By these measures, FY10 was a particularly fruitful year. Our investigators received follow-on
funding and found berths on various research platforms, including aircraft and high-altitude
balloons. New capabilities were added and licensing agreements arranged. A sampling of their
achievements is highlighted in this chapter.

New Missions and Fl i g ht Opport u n i t i e s
The crowning achievement of any space-related R&D program is an investment that
leads to the award of a new spaceflight mission or instrument opportunity. In FY10,
IRAD-funded principal investigators won new missions and participated in a variety of
flight opportunities across Goddard’s focus science areas.

Niche Te c h n o l ogy Provides Co m pe t i t i ve Edge in
Solar Pro be Plus
A super-thin silicon nitride window gave Go d d a rd the co m p e t i t i ve edge in its bid to build key co m-
p o n e nts for Energetic Pa rticle In s t r u m e nt- High (EPI-Hi), one of the instruments flying on the So l a r
Probe Plus mission. Called the “mission of the ce nt u ry”by the heliophysics co m m u n i ty, Solar Pro b e
Plus will carry out five ex p e ri m e nts after it plunges dire ctly into the Sun’s at m o s p h e re to ex p l o re a
re gion no other space c ra ft has ever enco u nte re d.

The te c h n o l o g y, developed by Go d d a rd’s De te ctor De ve l o p m e nt Laborato ry in part with IRAD funds,
will be placed in fro nt of a stack of Go d d a rd -d e veloped solid-state dete ctors that need the new win-
d ow to block stray ultraviolet light and micro m e te roid impact s, allowing the dete ctor assembly to
g ather a larger range of solar part i c l e s. In addition to the new window, Principal Inve s t i g ators Eri c
C h ristian and Tycho von Ro s e nvinge will be providing EPI-Hi’s mechanical struct u res and an
e l e ct ronics box — wo rk valued at about $2.3 million.

Its import a n ce to space science is not limited to studies of the Sun, either. It has broad application to
other space science missions, including a possible mission to Eu ropa, one of Jupite r’s smallest moons.
( Inve s t m e nt Area: He l i o p hys i c s )

Principal Inve s t i g a tor Eric
Christian wo r ked with the

God d a rd De te ctor De ve l o p m e n t
La bo ra to ry to develop an

u l t ra-thin window, which will be
used for the first time on an

instrument flying on the new
Solar Pro be Plus mission.

“The silicon-nitride window s
g a ve us an edge in a ve ry

co m pe t i t i ve field. These IRA Ds
ce rtainly helpe d.”

— Scientist Eric Christian, So l a r
Pro be Plus Te c h n o l og y

Co n t r i b u tor 
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God d a rd In s t ru m e nts Study How Hurricanes Inte n s i f y
While fo re c a s ters have made gre at pro gress acc u rately tra c king hurri c a n e s, they have made only
small improve m e nts in their ability to pre d i ct i nte n s i ty. In FY10, NASA flew the Genesis and Ra p i d
Inte n s i f i c ation Pro cesses (GRIP) ex p e ri m e nt, a multi-plat fo rm effo rt that carried a dual-fre q u e n cy ra d a r
d e veloped by Principal Inve s t i g ator Ge rald Heymsfield in part with IRAD funds.

Heymsfield specifically developed the solid-state instrument, called the Hi g h -Altitude Im a ging Wi n d
and Rain Pro f i l e r, for use on unpiloted high-altitude airc ra ft. It will fly again in 2011 as one of seve n
i n s t r u m e nts flying on the NASA’s new Earth Ve nt u re-1 mission, the $30 million Hurricane and Se ve re
Sto rm Se ntinel (HS3) planned for 2011-2014. 

De s c ribed as GRIP on “s te ro i d s,” the Go d d a rd-managed HS3 will carry two other IRA D-funded instru-
m e nts aboard NASA’s new Global Hawk unmanned airc ra ft (see below) — the Cloud Physics Lidar
and the Tro p o s p h e ric Wind Lidar Technology Experi m e nt developed by scientists Matt McGill and
B r u ce Ge nt ry, re s p e ct i ve l y. While GRIP laid the fo u n d ation, HS3 will gi ve scientists something they
h ave never had befo re — a sustained look at sto rms as they evo l ve over an extended period of time.
( Inve s t m e nt Area: Earth Sc i e n ce )

In s t ru m e nt Helps to Establish Global Hawk Pro toco l s
Global Haw k, which is playing an import a nt role in NASA’s hurricane studies, was first demonstrate d
in FY10, with help from a team led by Go d d a rd scientist Paul Newman. On that maiden flight, flown in
Ap ril 2010, the unmanned airc ra ft carried the Go d d a rd -d e veloped Cloud Physics Lidar and a handful
of other instruments that showed these missions we re possible and could yield valuable data. Just as
i m p o rt a nt, Go d d a rd scientists helped establish pro to cols and pro ce d u res for inte grating science
i n s t r u m e nts and flying an unpiloted vehicle re m o tely from an operations ce nter at Dryden Fl i g ht
Re s e a rch Ce nte r, reducing risk for future missions. ( Inve s t m e nt Area: Earth Sc i e n ce )

LVIS to Fly on Ice B r i d g e
O p e ration Ice B ri d g e, the larg e s t-e ver airb o rne survey of Eart h’s polar ice, will get an assist from an
I RA D-funded instrument that proved it could do what no one ever ex p e cted it to do — measure ice
sheets over the poles. Ori ginally designed to gather to p o graphical and ve g e t ation data, the
Go d d a rd -d e veloped Laser Ve g e t ation Im a ging Sensor (LVIS) in FY10 earned a cove ted spot on NASA’s
I ce B ridge pro j e ct. The six-year mission will bridge the gap between NASA’s Ice, Cloud, and Land
E l e vation (ICESat) and its pre d e ce s s o r, ICESat-2, planned for late 2015.

Principal Inve s t i g ator Bryan Blair re ce i ved a thre e-ye a r, $4 million ROSES awa rd to carry out the obser-
vat i o n s. LV I S’s selection was in large part due to a demonstration over Greenland in late 2007, prov i n g
t h at the instrument was just as effe ct i ve at measuring ice sheets as it was at gat h e ring ve g e t ation and
to p o graphical info rm ation. ( Inve s t m e nt Area: Earth Sc i e n ce )

God d a rd principal inve s t i g a to r s
a re playing impo rtant roles on

missions investigating why
s torms intensify — currently a

poorly understood
phenomenon. This image

s h ows Hurricane Fra n ,
a powe rful hu r r i cane that

made landfall near Ca pe Fe a r
in North Ca ro l i n a .

The Global Hawk unmanned
vehicle made its maiden

scientific flight in Ap r i l, prov i n g
it was a viable platform for

h i g h -a l t i t u d e, long-d u ra t i o n
m i s s i o n s. God d a rd scientist 

Paul Newman co- m a n a g e d
the flight.
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B ETTII to Co m p l e m e nt Herschel and James We b b
S p a ce Te l e s co pe
As t ronomical studies at infra red wavelengths have re vo l u t i o n i zed scient i s t s’understanding of galax-
i e s, stars, and planets, as well as their ori gi n s. But further pro gress on major questions has been
s tymied because the spatial resolution of single- a p e rt u re te l e s copes degrades at long wave l e n g t h s.
The Balloon Experi m e ntal Twin Te l e s cope for In f ra red Inte rfe ro m e t ry (BETTII) pro j e ct is ex p e cted to
ove rcome those deficiencies.

In FY10, Principal Inve s t i g ator Stephen Ri n e h a rt re ce i ved a $5.5 million ROSES awa rd to deve l o p
B ETT I I’s 8-meter boom, which will operate in the far infra red on a high-altitude balloon — wave-
lengths curre ntly inaccessible from the gro u n d. The co l l a b o rat i ve effo rt invo l ves Go d d a rd and the
U n i ve r s i ty of Ma ry l a n d, with assistance from the Fa r- In f ra red Te l e s cope Experi m e nt team in Japan.
B ETTII, which Ri n e h a rt said was made possible by previous IRAD inve s t m e nts in associated te c h n o l o-
gi e s, including modulato r s, d e te cto r s, and inte rfe ro m e te r s, will co m p l e m e nt observations by
Herschel and the James Webb Space Te l e s co p e. ( Inve s t m e nt Area: As t ro p hys i c s )

QWIP Te c h n o l ogy Finds a Home on LDCM
Principal Inve s t i g ator Mu rzy Jhabvala, who re ce i ved va rious Go d d a rd and NASA R&D funding ove r
the years to adva n ce an infra re d -d e te ctor te c h n o l o g y, is debuting it on a Go d d a rd -d e veloped instru-
m e nt that will help states monitor water consumption — an import a nt capability in the Am e ri c a n
West where water ri g hts are allocate d.

The Qu a ntum Well In f ra red Ph o to d e te ctor (QWIP) is being inte grated onto Go d d a rd’s Th e rm a l
In f ra red Sensor (TIRS) — a late addition to the Landsat Data Co nt i n u i ty Mission that NASA plans to
launch in 2012. Using R&D funds, Jhabvala mat u red the technology over roughly 20 ye a r s, finally
qualifying it for actual space f l i g ht in FY10. In addition to already having the technology at hand, QWIP
o f fe red the TIRS deve l o p m e nt team two other sign i f i c a nt adva ntages: As technology goes, it is
re l at i vely easy to build. Fu rt h e rm o re, it easily met the instrument’s perfo rm a n ce re q u i re m e nt.
( Inve s t m e nt Area: Earth Sc i e n ce and Planetary and Lunar Sc i e n ce )

God d a rd Sc i e ntists Ta p ped to Co l l a bo rate on CLA S S
Go d d a rd scientists and dete ctor developers are co l l a b o rating with the Johns Hopkins Unive r s i ty to
build a new ground-based instrument, the $5 million Cosmology Large Angular Surve yor (C L A S S ) .
Go d d a rd is providing most of the sophisticated bolometer dete ctors and other state-o f - t h e- a rt te c h-
n o l o gies that will help the National Sc i e n ce Fo u n d ation-funded team test the “i n f l ation theory” of the
u n i ve r s e’s ori gin. The ex p e ri m e nt, which the team ex p e cts to ship to the Atacama De s e rt in nort h e rn
Chile in 2014, will observe large swaths of the microwave sky in search of evidence that the infant
u n i verse expanded from the micro s copic to the astronomical in a fra ction of a second after its birt h .

The bolometer dete ctors — an IRA D-funded technology developed by Principal Inve s t i g ator Chri s-
tine Jhabvala — also are being used in the Pri m o rdial In f l ation Po l a ri z ation Explorer (PIPER), a re l ate d
balloon-based ex p e ri m e nt also looking for evidence of co s m o l o gical inflation, but at a diffe re nt fre-
q u e n cy. Go d d a rd hopes to use ex p e ri e n ces gained from both to ultimately win a space mission
d e vo ted exc l u s i vely to co s m o l o gical inflat i o n . ( Inve s t m e nt Area: As t ro p hys i c s )

“I wo u l d n’t say that any single
I RAD effort led to the BETTII win,

but that the group of them
formed the landsca pe that

made the win po s s i b l e. Ea c h
I RAD that co n t r i b u ted helpe d
m a ke this challenging proj e ct

po s s i b l e, and as such,
something that the re v i e we r s

could suppo rt .” 

— BETTII Principal Inve s t i g a to r
S tephen Ri n e h a rt
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God d a rd te c h n o l og y
M u rzy Jhabvala (seate d ) ,

who spent nearly two deca d e s
d e veloping his QWIP

te c h n o l og y, tests the dete cto r
s y s tem in the Moj a ve De s e rt .
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Baselined for Use in Fu t u re Mi s s i o n s
When planning complex space missions, panels of scientists eva l ua te te c h n o l ogies against
s c i e n ce obj e ct i ves and baseline a possible approach in their initial plans. Having a te c h n o l og y
baselined into these arc h i te ct u res obviously bodes well for the te c h n o l ogist and the future of
his or her te c h n o l og y.

S p a ce Cu be Packs Mo re than a Processing Pu n c h
Go d d a rd’s Space Cu b e, an ex p e ri m e nt a l, next-g e n e ration flight pro cessor that provides an ord e r-o f -
m a gnitude increase in onboard computing powe r, has been baselined for at least six new missions,
said Principal Inve s t i g ator Tom Fl at l e y.

The te c h n o l o g y, first demonstrated on the Hubble Se rvicing Mission in 2009, is now being demon-
s t rated on the Inte rn ational Space St ation. In Se p te m b e r, it flew on a sounding rocket mission te s t i n g
a new auto m ated ra n g e- s a fe ty te c h n o l o g y. And next ye a r, it will play a pivotal role on another
sounding rocket mission testing X-band co m m u n i c ations and a re co n f i g u rable micro s ate l l i te — the
Small Ro c k e t / S p a ce c ra ft Technology (SMA RT) — also developed with IRAD funds by te c h n o l o gi s t
Jaime Esper.

B u oyed by the succe s s, Space Cube developers are cre ating other pro d u cts to meet the va ry i n g
needs of new custo m e r s. In fact, seve ral missions re commended by National Re s e a rch Co u n c i l’s Eart h
Sc i e n ce Decadal Survey are baselining either Space Cube 2.0 or a much smaller version, called the
S p a ce Cube Mini, in their mission arc h i te ct u re s. ( Inve s t m e nt Area: Co m m u n i cations and Nav i g at i o n )

Two Te c h n o l ogies Baselined for Pro posed X- Ray Ob s e rvato ry
In FY10, the Eu ropean Space Ag e n cy (ESA), NASA’s partner in the proposed Inte rn ational X- ray
O b s e rvato ry (IXO), baselined two Go d d a rd -d e veloped te c h n o l o gies for use on the next-g e n e rat i o n
o b s e rvato ry should the space agencies decide to pursue it. 

ESA co m p l e ted its “Cosmic Vi s i o n”study — the agency’s long-te rm plan for space science missions —
and chose the five-stage Co ntinuous Ad i a b atic De m a gn e t i z ation Re f ri g e rator (CADR) now being
d e veloped by Principal Inve s t i g ator Pe ter Shirron as the observato ry’s dete ctor cooling sys te m .
The decision was influenced in part by the thre e-stage CADR now flying on the As t ro-H mission.

The plan also re commended that ESA baseline IRA D-funded tra n s i t i o n -edge sensors for IXO’s X- ray
Mi c ro c a l o ri m e ter Spect ro m e ter (XMS). Go d d a rd Principal Inve s t i g ator Ca roline Ki l b o u rn e, who is
p a rt n e ring with the National In s t i t u te of St a n d a rds and Technology to adva n ce the te c h n o l o g y, also
re ce i ved a $2.4 million ROSES awa rd in FY10 to develop micro c a l o ri m e ter arrays that would benefit
I XO and other m i s s i o n s.

Whether the IXO is built remains to be seen; howe ve r, the fact that the te c h n o l o gies are baselined
puts Go d d a rd in good position to play a sign i f i c a nt role in the mission’s deve l o p m e nt should NASA
p ro ceed with it, principal inve s t i g ators said.  ( Inve s t m e nt Area: As t ro p hys i c s )

Se ve ral missions re co m m e n d e d
by the National Researc h

Co u n c i l ’s Ea rth Sc i e n ce De ca d a l
S u rvey are now baselining

S p a ce Cu be, a powe rful flight
p rocessor deve l o ped by

God d a rd.

“In the re cent ESA-led trade stud-
ies for IXO as part of the Co s m i c

Vision re v i e w, the God d a rd / N I S T
a p p roach to the XMS dete cto r
s y s tem was chosen for the IXO

b a s e l i n e, and te n t a t i ve national
re s ponsibilities are already be i n g
assigned based on the baselined

te c h n o l og i e s. This illustra te s
h ow investment in the te c h n o l o-
gy roadmap leads to dire ct be n-

efit to NASA.” 

— TES De te ctor Pr i n c i p a l
I nve s t i g a tor 

Ca roline Ki l bo u r n e

ESA co m p l e ted its “Co s m i c
Vi s i o n” study in 2010 and chose

the five-stage Co n t i nu o u s
Adiabatic De m a g n e t i z a t i o n

R e f r i g e ra tor (CADR) now be i n g
d e ve l o ped by Pr i n c i p a l

I nve s t i g a tor Pe ter Shirron as the
o b s e rva to ry’s baseline dete cto r

cooling system. The decision
was influenced in part by the

t h re e-stage CADR now flying on
the As t ro-H mission.
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Fo l l ow-On Funding to Ad va n ce Te c h n o l o g y-
Readiness Le ve l s
The IRAD prog ram is not meant to provide cra d l e- to-g ra ve suppo rt. Th e re f o re, a key IRA D
s u ccess metric is whether principal inve s t i g a tors succeed in securing follow-on funding to
f u rther adva n ce their te c h n o l og i e s. This follow-on funding does not necessarily result in
the awa rd of a mission, but the adva n ces te c h n o l ogists make frequently can be applied
to other oppo rtunities that lead to scientific discove ry.

On the Road to Cre ating a Revo l u t i o n a ry Fa r - In f ra re d
S pe ct ro m e te r
With IRAD and $150,000 in ROSES funding, Sc i e ntist Harvey Moseley demonstrated key co m p o n e nt s
of Mi c roSpec — a gro u n d b re a ki n g, far- i n f ra red spect ro m e ter that promises to be 10,000 times more
s e n s i t i ve than competing instrument s. In f i n i tely smaller than existing instrument s, Mi c roSpec wo u l d
be so tiny that its co m p o n e nts could fit onto a silicon chip measuring four inches in diamete r.

In FY10, the technology underwe nt cryogenic testing to gauge its funct i o n a l i ty. The team finished the
d e s i gn and fabri c ated initial co m p o n e nt s. Ultimate l y, Mo s e l e y’s team hopes to build a flight- l i k e
s ys tem that it would test at a ground-based observato ry in pre p a ration for a possible berth on a
f u t u re far- i n f ra red mission. ( Inve s t m e nt Area: As t ro p hys i c s )

Ra d i o m e ter Ad va n ced to Id e ntify Act i ve Regions on Ma r s
One of Go d d a rd’s earl y-stage innovations — the Hollow- Fiber Gas Co rre l ation Ra d i o m e ter —
g a rn e red a two-ye a r, $485,000 Pl a n e t a ry In s t r u m e nt Definition and De ve l o p m e nt Pro gram awa rd in
FY10. Under the awa rd, Principal Inve s t i g ator Emily Wilson will develop a re d u ce d - s i ze gas co rre l at i o n
ra d i o m e ter that simultaneously will measure and localize the sources of methane, water va p o r, and
d e u te rated water import a nt for identifying act i ve re gions on Mars — sites that might be ideal fo r
landing a mission. Her awa rd co ntinues wo rk begun under her FY10 IRA D.
( Inve s t m e nt Area: Planetary and Lunar Sc i e n ce )

CATS Readied for Demonstration Fl i g ht s
Sc i e ntist Matt Mc G i l l, whose Cloud Physics Lidar co l l e cted data during the maiden flight of NASA’s
Global Hawk unmanned airc ra ft in FY10  (see page 5), also re ce i ved $760,000 from the Ai rb o rn e
In s t r u m e nt Technology Transition pro gram to adva n ce a new airb o rne instrument that is both a
Doppler lidar and, by its nat u re, a high-spect ral resolution lidar. Specifically, McGill will use the
funding to pre p a re for demonstration flight s.

The instrument, called the Cloud-Ae ro s o l -Tra n s p o rt Sys tem (CATS) lidar, will profile clouds and
a e ro s o l s, their inte rnal struct u re, and optical pro p e rt i e s. It is a strong co ntender for the pro p o s e d
Ae ro s o l -C l o u d - Eco s ys tems mission — part i c u l a rly if it is successfully demonstrated on airb o rn e
p l at fo rm s. ( Inve s t m e nt Area: Earth Sc i e n ce )

H a rvey Moseley holds the
d e te ctor that God d a rd

te c h n o l ogists deve l o ped for a
re vo l u t i o n a ry fa r- i n f ra re d

s pe ct ro m e ter called Mi c ro S pe c.
Ko n g pop U-Yen and We n -Ti n g

Hsieh (pict u red in the
b a c kg round) are assisting

in the effort .

Principal Inve s t i g a tor Emily
Wilson re ce i ved a two- ye a r,

$485,000 NASA awa rd to
a d va n ce a new ra d i o m e ter for

Mars re s e a rc h .
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Thermal Co nt rol Te c h n o l ogy Draws Mi l i t a ry Suppo rt 
A new technology that uses elect ric fields to pump co o l a nt through tiny ducts inside a thermal co l d
p l ate has at t ra cted the at te ntion of the Air Fo rce Of f i ce of Space Re s e a rch. The org a n i z ation has
awa rded Pri n c i p a l Inve s t i g ator Jeff Didion $50,000 for three years to adva n ce the elect ro hyd ro d y n a m-
i c-based therm a l -co nt rol unit that re q u i res no moving part s, just elect rodes to apply voltage to move
the co o l a nt.

The te c h n o l o g y, which will fly on a sounding rocket mission in 2011 as a key co m p o n e nt of a new
re co n f i g u rable micro s ate l l i te called the Small Ro c k e t / S p a ce c ra ft Technology plat fo rm (see page 7),
c u rre ntly enjoys in-kind support from the Space Vehicles Dire cto rate at Ki rkland Air Fo rce Base. Didion
also re p o rted in FY10 that he is in the pro cess of securing a second co l l a b o ration with the Mate ri a l s
E n gi n e e ri n g D i re cto rate at Wri g ht- Pat terson Air Fo rce Base — a deve l o p m e nt he said was made
possible because of IRAD funding. Didion plans to further miniat u ri ze the unit to the chip leve l.
( Inve s t m e nt Area: St rategic Cro s s c u t t i n g )

S u bcooling Te c h n o l ogy Promises New NASA Ca p a b i l i ty
Go d d a rd Principal Inve s t i g ator Shuvo Mustafi is leve ra ging Go d d a rd’s unique ex p e ri e n ce with long-
l i fe cryogenic cooling sys tems to develop a Th e rmodynamic Cryogen Subcooler critical for the
ex p l o ration of space. In FY10, Mustafi and his team re ce i ved $500,000 from the Enabling Te c h n o l o g y
De ve l o p m e nt and De m o n s t ration pro gram to further adva n ce a technique that would subco o l
c ryogenic fuels below their boiling point, there by eliminating the need for ve nting and substant i a l l y
extending their “hold times.”

S u b cooling technology would sign i f i c a ntly expand NASA’s ability to sto re cryogenic pro p e l l a nts on
upper stages and in space-based pro p e l l a nt depots. It also would enhance NASA’s ability to fly
missions to far-flung planets and aste ro i d s, such as Chiron, a planetoid discove red in the outer solar
s ys tem in 1977. Mustafi sees 2011 as a transition ye a r. In addition to advancing the subco o l e r
te c h n o l o g y, he plans to find additional exte rnal support to develop a subscale model that co u l d
lead to a flight demonstration.  ( Inve s t m e nt Area: Explorat i o n )

D e cade Survey Mo t i vates Principal Inve s t i g ator to Pursue a
Ba l l oon Mi s s i o n
S i n ce discove ring the first gas gi a nt in 1995, scientists have found more than 506 ext rasolar planets.
The hunt has yet to abate, and in fact, scientists are now developing te c h n o l o gies that would allow
them to actually image these alien wo rl d s. Go d d a rd scientist Ma rk Clampin is one. 

In FY10, he re ce i ved a two-ye a r, $714,000 awa rd from the ROSES Technology De ve l o p m e nt for Exo-
planet Missions (TDEM) pro gram to adva n ce a planet-finding technology called the Visible Nulling
Co ro n a graph, a hy b rid inte rfe ro m e ter that could be coupled to a single te l e s cope to suppre s s
s t a rl i g ht and increase the co nt rast of the circ u m s tellar re gions surrounding a Jov i a n - s i ze planet.

Because the National Re s e a rch Council did not specifically re commend a planet-finding mission in
its Decadal Survey for As t ro p hys i c s, Clampin is focusing effo rts now on flying the technology on a
balloon mission and is optimistic that opportunities will be available — albeit on a much smaller
s c a l e. He also plans to co m p e te for additional TDEM funds to co ntinue advancing his co n ce p t.
( Inve s t m e nt Area: As t ro p hys i c s )

A Wallops technician puts the
finishing touches on a payload

carrier that will be used in
2011 to test SMART and

other te c h n o l og i e s.

“This FY10 IRAD investment has
also helped to increase GSFC ’s

p rofile in the arena of space-
flight cryocoo l e r s.”

— Shu vo Mustaf i ,
S u bcooling Cryog e n i c

Pro pe l l a n t s Pr i n c i p a l
I nve s t i g a to r

A new thermal-co n t rol te c h n o l-
ogy deve l o ped by Pr i n c i p a l

I nve s t i g a tor Jeff Didion will be
d e m o n s t ra ted on a re co n f i g-

u rable micro s a te l l i te called the
Small Roc ke t / S p a ce c raft

Te c h n o l ogy (SMART) platform
p i ct u red here.
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CZT Dete ctor Te c h n o l ogy Applied to Homeland Se c u r i ty
Go d d a rd is a wo rl d - re n owned leader in larg e- a rray cadmium-zinc- te l l u ride (C Z T) dete ctor arrays —
an enabling technology on Sw i ft’s Burst Al e rt Te l e s cope (BAT). Sc i e ntist Scott Bart h e l my, in
co l l a b o ration with Harva rd Unive r s i ty Pro fessor Josh Gri n d l ay, is re ceiving fo l l ow-on NASA funding
to further adva n ce the technology for the proposed Energetic X- ray Im a ging Survey Te l e s cope or a
balloon-based ex p e ri m e nt. 

B a rt h e l my also is applying his kn ow- h ow to helping the De p a rt m e nt of Homeland Se c u ri ty (DHS)
d e velop a sys tem to dete ct ra d i o a ct i ve mate ri a l. In FY10, Bart h e l my re ce i ved an additional $2.3
million in DHS funding and believes the re l ationship will co ntinue for at least a couple more ye a r s.
( Inve s t m e nt Area: As t ro p hys i c s )

Im p rove m e nts in the Qu a ntum Ef f i c i e n cy of UV
P h o tocat h odes Co nt i n u e
Principal Inve s t i g ator Bruce Wo o d g ate at t ri b u ted his $1.8 million ROSES awa rd to co ntinue improv i n g
the quantum efficiency of ultraviolet photo c athodes to an IRAD he re ce i ved in FY05. With his NASA
f u n d i n g, Wo o d g ate hopes to mat u re the technology to the point where he can develop an adva n ce d
d e te ctor sys tem for such proposed missions as the Joint Dark Energy Mi s s i o n .
( Inve s t m e nt Area: As t ro p hys i c s )

New Ca p a b i l i t i e s
Some te c h n o l ogies are not meant to provide scientific data; their sole purpose is to prov i d e
te c h n o l ogists with co m ponents or serv i ces that assist them in their quest to develop instru-
ments and develop low-cost, efficient missions. 

NASA Orders a New Radar Sys tem for ER-2
Past IRAD awa rds co nt ri b u ted to a $640,000, two-year Ai rb o rne In s t r u m e nt Technology Tra n s i t i o n
awa rd to Principal Inve s t i g ators Lihua Li and Ge rry Heymsfield, who NASA tapped to inte grate their
m o re robust X-band radar onto the Ag e n cy’s ER-2 high-altitude re s e a rch airc ra ft. The ER-2 X- b a n d
Radar (EXRA D) will re p l a ce the airc ra ft’s curre nt Doppler radar sys tem, which it has flown since 1993.
E X RAD will gather cloud, pre c i p i t ation, and wind measure m e nt data for Earth scientists re s e a rc h i n g
h u rricanes and other seve re we ather eve nt s. It also offers the adva ntage of operating in co n j u n ct i o n
with other ER-2 lidars, ra d a r s, and ra d i o m e te r s, similar to what has flown previously on ER-2.
( Inve s t m e nt Area: Earth Sc i e n ce )

New An a l og - to- Digital Co nve rter Ready for Infusion Te s t i n g
Principal Inve s t i g ator La Vida Cooper and her team successfully designed three 16-bit analog-to-d i gi-
tal application-specific circuit boards for Go d d a rd’s Heliophysics Sc i e n ce Division. The three board s
“a re ripe for infusion and insert i o n” i nto the elect ronics sys tems of instrument pro to typing effo rts and
“p ro o f -o f -co n cept te s t i n g,”Cooper said. As a result of her succe s s, Cooper said R&D seed funding no
longer is needed. Fu t u re funding, if needed, will come dire ctly from division scientists wo rking on
i m a ging instruments or Heliophys i c s - re l ated instrument proposal effo rt s.
( Inve s t m e nt Area: He l i o p hys i c s )

Scientist Rick Lyon is pict u red in
the lab where he and other

team members currently are
d e veloping new te c h n o l og i e s
that would allow scientists to

image Jov i a n - s i ze planets
be yond our solar syste m .

Principal Inve s t i g a tor La Vi d a
Coo per successfully prod u ce d
t h ree 16-bit analog - to-d i g i t a l

a p p l i ca t i o n - s pecific circ u i t
bo a rds for God d a rd ’s

H e l i o p hy i cs Sc i e n ce 
Division in FY10.
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Ga s -Ch a rged He at Pi pe Simplifies Design of Th e r m a l
Co nt rol Sys tem 
Principal Inve s t i g ator Jentung Ku developed a gas-c h a rged heat pipe that would sustain re p e ate d
f re e ze / t h aw cyc l e s, there by giving pro j e cts more choices on the thermal subsys tems they fly on their
s p a ce c ra ft. Ku announced that the technology was successfully te s ted and is now ready for infusion
i nto space missions.

E n gineers traditionally have used co n d u ct a n ce heat pipes to tra n s p o rt heat from a ra d i ator to a
s p a ce c ra ft instrument. These device s, howe ve r, are prone to fo rming ice plugs at the condenser end.
U ntil the ice melts and the pipe resumes its pri m a ry job of delive ring heat, ground operators cannot
s a fely turn on instrument s. The solution is to heat the ra d i ator above the freezing point of the wo rk-
ing fluid — an especially unat t ra ct i ve solution for powe r- and mass-co n s t rained missions.

Ku’s new pipe ove rcomes these drawbacks and dra m atically simplifies the design of space c ra ft
t h e rm a l, mechanical, and elect rical subsys te m s. ( Inve s t m e nt Area: St rategic Cro s s c u t t i n g )

New Ca p a b i l i ty Assists Sc i e ntists in Design of Hype r s pe ct ra l
Imaging In s t ru m e nt s
Principal Inve s t i g ator Matthew Bolcar had one object i ve in mind when he began co n s t r u cting a
c a l i b rated hy p e r s p e ct ral image pro j e ctor (CHIP) that operated in the visible spectrum. He wa nted to
d e velop an instrument that scientists could use to chara cte ri ze the perfo rm a n ce of imagi n g
s p e ct ro m e te r s, such as those curre ntly being developed for all areas of space science.

By the end of his FY10 IRA D, Bolcar had achieved his goal. CHIP will be made available to custo m e r s
to test and calibrate their hy p e r s p e ct ral imaging instrument s. The first customer to take adva ntage of
this new capability is the Wi d e-field Im a ging Inte rfe ro m e t ry Te s t b e d. Bolcar also re p o rts that he is co l-
l a b o rating with the National In s t i t u te of St a n d a rds and Technology to develop a near- i n f ra red CHIP. 
( Inve s t m e nt Area: St rategic Cro s s c u t t i n g )

Te c h n o l ogists Develop Sys tem to Slash Fl i g ht So ftwa re Co s t s
In FY10, Go d d a rd’s Fl i g ht So ftwa re Sys tems Branch co m p l e ted and rolled out the last re m a i n i n g
co m p o n e nt of its Co re Fl i g ht So ftwa re (CFS) sys tem, a mission-independent, reusable flight- s o ftwa re
e nv i ro n m e nt that the branch began cre ating more than five years ago in part with the ce nte r’s IRA D
f u n d i n g. CFS provides an auto m ated sys tem that offers proven softwa re for such routine tasks as
te l e m e t ry pro ce s s i n g, health and safe ty monito ri n g, co m m a n d i n g, and data sto ra g e, with the
o bvious benefit that missions do not have to dedicate valuable re s o u rces to cre ating co m m o n l y
used softwa re.

S i n ce the rollout of the initial Co re Fl i g ht Exe c u t i ve — the co rn e r s tone upon which all CFS
co m p o n e nts sit — the sys tem has at t ra cted a growing number of users, including the
Ma gn e to s p h e ric Multiscale and the Global Pre c i p i t ation Me a s u re m e nt missions.
( Inve s t m e nt Area: Co m m u n i cations and Nav i g at i o n )
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Infusion into Co m m e rcial Pro d u ct s
N av i g ator Licensed to BroadReach Engineering
N av i g ato r, a Go d d a rd -d e veloped re ce i ver that can quickly find, acq u i re, and track GPS signals in
we a k- s i gnal are a s, was licensed to Bro a d Reach Engi n e e ring — just one of the many successes the
technology enjoyed in FY10. Bro a d Reach is using Nav i g ator to design a co m p a ct, high-perfo rm a n ce
d e v i ce for a classified Air Fo rce mission.

The Nav i g ator team is using FY11 IRAD funds to fine-tune the Nav i g ator antenna and inve s t i g ate its
i nte gration with other sensors, such as an emerging X- ray pulsar-based nav i g ation sys tem (see page
13). The te c h n o l o g y’s growing list of users also includes the Go d d a rd -d e veloped Global Pre c i p i t at i o n
Me a s u re m e nt and Ma gn e to s p h e ric Mu l t i Scale missions.
( Inve s t m e nt Area: Co m m u n i cations and Nav i g at i o n )

B roadReach Engineering has
l i censed the IRA D- f u n d e d

N a v i g a tor re ce i ver that ca n
q u i c kly find, acq u i re, and

t rack GPS signals in
weak-signal are a s. 
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Notable Ac h i e ve m e nts: 
Te c h n o l o gies to Watc h
R&D inve s t m e nt pro grams are high-risk endeavo r s. In some cases, the re s e a rch does not yield the
ex p e cted outcome or re s u l t. In other cases, the principal inve s t i g ator achieves precisely what he or
she set out to accomplish. Here we spotlight a few IRA D-funded effo rts that are making sign i f i c a nt
h e a d way and could one day result in Go d d a rd cre ating new opportunities and helping NASA carry
out its science and ex p l o ration missions. 

I XO Optics to Ac h i eve T R L- 4
The Inte rn ational X- ray Observato ry (IXO), which the National Re s e a rch Council ranked as one of its
highest pri o rities in its Decadal Survey for As t ro p hys i c s, re q u i res high-angular resolution and larg e
co l l e ct i o n - a rea X- ray optics. Principal Inve s t i g ator William Zhang has perfe cted a technique for manu-
f a ct u ring and assembling the large number of super-thin, curved mirror segm e nts needed for the
m i s s i o n’s optics. In FY10, he and his team successfully te s ted his precision glass-fo rming te c h n i q u e s.
Zhang now ex p e cts to reach a technology readiness level of four — an import a nt step in eve nt u a l l y
enabling IXO and other inte rm e d i a ry X- ray missions. ( Inve s t m e nt Area: As t ro p hysics) 

E m e rging Te c h n o l ogy Nav i g ates by the St a r s
One of the barriers to sending humans beyond the Moon and into deep space is nav i g ation te c h n o l-
o g y. Physicist Keith Ge n d re a u, howe ve r, is wo rking on a re vo l u t i o n a ry nav i g ation technology that
uses pulsars — stellar lighthouses — as a time and nav i g ation standard just like the atomic clocks
used by the Global Positioning Sys tem (GPS). Unlike the clocks on GPS sate l l i te s, howe ve r, pulsars are
d i s t ri b u ted across the galaxy, providing an infra s t r u ct u re of precise timing beacons that are acce s s i b l e
in virtually eve ry co n ce i vable flight orbit across the solar sys tem. 

Using a va ri e ty of funding source s, including IRA D, Ge n d reau has developed the X- ray Nav i g at i o n
De m o n s t rato r, which is designed to measure the arri val times of pulses through the dete ction of
X- ray photo n s. The demonstrator then stitches together the measure m e nts into an auto n o m o u s
o n b o a rd nav i g ation solution. To adva n ce the sys te m’s te c h n o l o g y- readiness leve l, Ge n d reau has
p roposed flying the technology on the Inte rn ational Space St ation. A decision is ex p e cted short l y. 
( Inve s t m e nt Area: Co m m u n i cations and Nav i g at i o n )

Principal Inve s t i g a tor Wi l l i a m
Zhang is pe rf e cting a method

for manu fa cturing and assem-
bling supe r-thin, curved mirro r
segments for the Inte r n a t i o n a l

X- ray Ob s e rva to ry.

Scientist Keith Ge n d reau show s
NASA Chief Te c h n o l ogist Bo b by

B raun a “m od u l a ted X- ra y
s o u rce,” a key co m ponent in

an X- ray co m mu n i ca t i o n
s y s tem and other instruments

he is deve l o p i n g.
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DBSAR Te c h n o l ogy Enhances God d a rd’s Reputat i o n
in Radar Te c h n o l og y
Go d d a rd’s inve s t m e nt in a new-g e n e ration airb o rne L-Band radar sys tem kn own as the Digi t a l
Be a m fo rm i n g Sy nthetic Radar (DBSAR) has paid off. Principal Inve s t i g ator Rafael Ri n con says the
te c h n o l o g y, which combines state-o f - t h e- a rt te c h n o l o gi e s, onboard pro ce s s i n g, and adva n ces in
s i gn a l - p ro cessing te c h n i q u e s, has reached a level where the ce nter can co m p e te and succeed in
f u t u re re m o te-sensing m i s s i o n s. In fact, the Go d d a rd-led Ca rbon Mo n i to ring Sys tem pro gram now is
co n s i d e ring using the sys te m in its mission. ( Inve s t m e nt Area: Earth Sc i e n ce )

Cl i m ate @ Home Ma kes He a d way
Plans are coalescing to eve ntually launch the largest climate ex p e ri m e nt NASA has ever at te m p te d.
With IRAD funds, Principal Inve s t i g ator Michael Seablom built the infra s t r u ct u re and user inte rf a ce fo r
“C l i m ate @ H o m e, a multi-d i re cto rate act i v i ty that will enlist vo l u nteers wo rldwide to run co m p l ex
c l i m ate simulations on their co m p u ters and other computing device s. Pa rt i c i p a nts will be able to
obtain the nece s s a ry softwa re and instructions from a NASA Web site and run the models auto m at i-
cally as a background pro cess whenever co m p u ters are on, but not being used to their full capacity.
The goal is to use the findings to uncover gaps in data co l l e ct i o n .
( Inve s t m e nt Area: Earth Sc i e n ce )

Field Test Provides In s i g hts into the Eco s ys te m
Under her FY10 IRA D, Principal Inve s t i g ator Elizabeth Mi d d l e ton design e d, inte grate d, and demon-
s t rated a fully inte grated scanning sys tem co m p rised of a full-wave fo rm lidar, imaging spect ro m e te r,
and thermal imager for eco s ys tem studies. Her team then used the first-o f - i t s - kind sys tem to capture
a gri c u l t u ral and fo rest data during the 2010 growing season — data that is giving the scient i f i c
co m m u n i ty new insights into how Eart h’s eco s ys tem wo rk s.
( Inve s t m e nt Area: Earth Sc i e n ce )

Po l a r i m e ter to Ma i ntain Co m pe t i t i ve Edge in Cl o u d
and Ae rosol Remote Se n s i n g
To maintain Go d d a rd’s leading role in aerosol and cloud re m o te sensing, Principal Inve s t i g ator Lo rra i n e
Remer is developing a multi-angle imaging polari m e te r, targ e ted for the proposed Ae ro s o l -C l o u d - Eco s ys-
tems mission. Because of its re l at i vely small size, the polari m e ter also might be suitable for a Ve nt u re C l a s s
mission or even as an ex p e ri m e nt on the Inte rn ational Space St ation. After three years of deve l o p m e nt,
Remer believes the instrument is on the ve rge of demonstrating a te c h n o l o gical bre a k t h rough that assure s
Go d d a rd’s co ntinued leadership in aerosol and cloud re m o te sensing.
( Inve s t m e nt Area: Earth Sc i e n ce )

Principal Inve s t i g a tor Rafa e l
Ri n con has matured a new-g e n-

e ration airborne L-Band ra d a r
s y s tem to a level that makes it

a t t ra ct i ve to Ea rth science
m i s s i o n s. The Ca r bo n

M o n i toring Sy s tem, for exa m p l e,
is now considering using

the te c h n o l og y.

In FY10, Principal Mi c h a e l
Seablom built the infra s t r u ct u re

and user inte rfa ce for
“C l i m a te @ H o m e,” which will

enlist vo l u n teers worldwide to
run complex climate

s i mulations on
their co m p u te r s.

“The outlook of future non-IRA D
funding is po s i t i ve. Eve ry dollar
i nve s ted by the IRAD prog ra m
has genra ted $2.5 from other

s o u rce s. To date, more than $1
million has been inve s ted in the
PACS imaging po l a r i m e ter fro m

n o n - I RAD source s.” 

— Principal Inve s t i g a to r
Lo r raine Remer,

M u l t i - Angle Imaging
Po l a r i m e te r
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God d a rd Begins Developing ‘Wet Ch e m i s t ry’Lotus Co at i n g
Using IRAD and NASA re s e a rch funds, Principal Inve s t i g ator Wanda Pe ters began developing an
a l te rn at i ve Lotus co ating using a we t-c h e m i s t ry application pro cess that promises to be suitable for all
f l i g ht mate rials and a host of non-aero s p a ce co m m e rcial applicat i o n s. The special co ating pre ve nts dirt
and even bacte ria from sticking to and co nt a m i n ating the surf a ces of space f l i g ht gear, making it espe-
cially useful for planetary and lunar ex p l o ration. Since starting her wo rk, seve ral co m m e rcial co m p a n i e s
h ave ex p ressed inte rest in fo rming partnerships and marketing the co ating as a re p e l l a nt applicable to
all types of text i l e, auto m o t i ve, elect ro n i c s, and medical pro d u ct s. In FY10, Pe ters te s ted the mate ri a l
d u ring a field demonstration in Ari zona. ( Inve s t m e nt Area: Explorat i o n )

VA PoR Fi e l d -Te s ted in Hawaii and the Arct i c
A miniat u ri zed version of the Go d d a rd -d e veloped Sample An a l ysis at Mars instrument suite flying on a
c a r- s i ze rover in 2012 underwe nt field-testing in Hawaii and the Arctic in FY10. The first field demon-
s t rations showed VA Po R’s (Vo l atile An a l ysis by Py ro l ysis of Regolith) efficacy at analyzing gases in the
at m o s p h e re and vapors that are pro d u ced when its onboard oven heated soil and rock samples to at
least 1,200°C (2,192°F). Principal Inve s t i g ator Daniel Glavin, meanw h i l e, started building a seco n d -g e n-
e ration oven capable of heating samples to much higher te m p e rat u re s.
( Inve s t m e nt Area: Planetary and Lunar Sc i e n ce )

Principal Inve s t i g ator Retires Risks on Nanote c h n o l og y
Wo rking in co l l a b o ration with the VA PoR team (see above), Principal Inve s t i g ator Stephanie Ge t ty
re t i red a number of risks associated with a field-emission elect ron gun that is being developed for a
m i n i at u ri zed time-o f - f l i g ht mass spect ro m e ter that could be used on VA PoR and other instrument s.
The elect ron gun — the heart of the spect ro m e ter — pro d u ces and focuses an elect ron beam that
i o n i zes gas molecules so that the spect ro m e ter can analyze them. In addition to VA PoR, the te c h n o l o g y
could play a ce nt ral role in the Eu ro p a -J u p i ter Sys tem Mission, baselined to sample the chemistry of
the planet’s icy moon. ( Inve s t m e nt Area: Planetary and Lunar Sc i e n ce )

God d a rd Engineer Develops Promising New Al l oy
For space c ra ft re q u i ring high pointing acc u ra cy, Invar 36 is the mate rial of choice because of its low
t h e rmal expansion. It has enabled the stunning images co l l e cted by the Hubble Space Te l e s co p e,
K e p l e r, and NOA A’s we ather sate l l i te s. De s p i te the mate ri a l’s adva nt a g e s, the alloy is re l at i vely we a k.
Under IRAD funding, Principal Inve s t i g ator Ti m o t hy Stephenson mixed an inert, nanoscale dispera nt
with high-puri ty iron and nickel powder to fo rm a stro n g e r, stiffer low- t h e rm a l -expansion alloy fo r
which a pate nt is being sought. The Inte rn ational X- ray Observato ry, which would benefit from such a
m ate ri a l, is supporting the effo rt and other funding sources appear likely.
( Inve s t m e nt Area: St rategic Cro s s c u t t i n g )

Principal Inve s t i g a tor Da n i e l
Glavin field-te s ted the Vo l a t i l e

Analysis by Py rolysis of Regolith
instrument in Hawaii, demon-

s t rating its effica cy at analyzing
gases in the atmosphere and

va pors prod u ced when soil and
rock samples we re heated to

s co rching te m pe ra t u re s.

Te c h n o l ogist Stephanie Ge t ty
s h ows Chief Te c h n o l ogist Bo b by

B raun samples of a new
n a n o te c h n o l og y- b a s e d

m a terial that is 10 times more
e f f e ct i ve at suppressing stra y

light than current te c h n o l og i e s. 
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John Hagopian and the Nanostru ct u res for St ray Light and
Di f f ra ction Suppression Team Win “ In n ovator of the Ye a r”Awa rd
L i g ht has a funny way of ri cocheting off instrument co m p o n e nts and co nt a m i n ating measure m e nt s,
but a team of Go d d a rd te c h n o l o gists has cre ated a blacker- t h a n - p i tch mate rial that absorbs stray light,
p roviding an ord e r-o f - m a gnitude improve m e nt over curre nt te c h n o l o g y.

G i ven its pote ntial to benefit future missions, especially those plagued by erra nt light, John Hagopian
and the “ N a n o s t r u ct u res for St ray Light and Diffra ction Suppre s s i o n”team we re awa rded the Of f i ce of
the Chief Te c h n o l o gi s t’s FY10 “ I RAD In n ovator of the Ye a r”p ri ze.

In testing this ye a r, the team proved that the carbon nanotube-based co ating was 10 times more
e f fe ct i ve than the black paint NASA now uses to suppress stray light — a deve l o p m e nt that pote nt i a l l y
could improve the perfo rm a n ce of future planet-finding and oce a n - m o n i to ring missions where erra nt
l i g ht can obscure the faint signals scientists are trying to gat h e r.

“Goddard has a well-deserved reputation for creating technologies that enhance
instrument performance because we are adept at quickly infusing emerging technol-
ogy for specific spaceflight applications. John’s team demonstrated that key

strength. And in doing so, he’s leading the way in NASA’s quest to bring about a new
level of scientific discovery."

— Goddard Chief Technologist Peter Hughes

Ac h i eving a Co m pe t i t i ve Ed g e
The nanotech-based mate rial promises to gi ve Go d d a rd a co m p e t i t i ve edge over others vying fo r
these types of missions. But more import a nt l y, the technology could result in more precise scient i f i c
m e a s u re m e nt s, which are nece s s a ry for bri n ging about a new level of scientific discove ry.

Team members re ceiving the awa rd included: Pat rick Roman, Al ex Ma l d o n a d o, Jim Butler, Ste p h a n i e
Ge t ty, Cleophus Hunt, Ma ry Li, Ge o rgi Ge o rgi e v, Greg Hi d o b ro, Manuel Quijada, June Tve e rem, Ed wa rd
Wo l l a c k, and Ron Shiri .

John Hagopian (left) and his 12-
m e m ber “Nanostruct u res for

S t ray Light and Di f f ra ct i o n
S u p p re s s i o n” team re ce i ved this

ye a r’s “IRAD Innova tor of the
Ye a r” awa rd for gro u n d b re a ki n g
work in a new light-suppre s s i o n

te c h n o l og y. God d a rd De p u ty
Di re ctor Rick Obe n s c h a i n

(ce n ter) and NASA Chief
Te c h n o l ogist Bo b by Braun we re

on hand to present the awa rd. 

The “Nanostruct u res for Stra y
Light and Di f f ra ct i o n

S u p p re s s i o n” team, led by
Principal Inve s t i g a tor Jo h n

Hagopian, re ce i ved this ye a r’s
“ I RAD Innova tor of the Ye a r”

a wa rd. From left to right: Pa t r i c k
Roman, Alex Maldonado, Jim

B u t l e r, Stephanie Ge t ty,
C l e o p hus Hunt, Mary Li, Jo h n

Hagopian, and Ge o rgi Ge o rg i e v.
Not pict u red are Greg Hidobro,

M a nuel Quijada, June Tve e re m ,
Ed wa rd Wo l l a c k, and Ron Shiri

Re co gnizing Go d d a rd’s Top Pe rfo rm e r s
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Just a few weeks into FY11, Go d d a rd’s R&D pro gram already was off to a good start. 

Th ree miniat u ri zed instruments — each weighing only 3 kg and funded in part by the IRAD pro gra m
to adva n ce space te c h n o l o gies faster and at a dra m atically re d u ced cost — had been launched on the
new Fa s t, Af fo rd a b l e, Sc i e n ce, and Technology Sate l l i te (FA S TS AT). The micro s ate l l i te had reached its
d e s i gn ated orbit and the instruments had passed their on-o rbit checkout in pre p a ration for their
studies of the effe cts of solar act i v i ty in Eart h’s upper at m o s p h e re. 

The launch epito m i zed the value of Go d d a rd’s premier R&D pro gram. The FA S TS AT mission will gi ve
i n s t r u m e nt developers insights into how to improve their instruments for a future NASA heliophys i c s
mission, while re t u rning valuable scientific data. Just as import a nt, the instruments came in on time
and on budget and gave students a chance to wo rk on a space f l i g ht mission. This was a win-w i n
s i t u ation by any measure.

FA S TS AT Be comes the No r m
With NASA’s re focus on advancing emerging te c h n o l o gies faste r, we hope opportunities like FA S TS AT
b e come the norm. In the meant i m e, we will co ntinue our strategy of dedicating a gre ater share of our
re s o u rce- l i m i ted R&D pro gram to earl y-stage innovat i o n s. Of the proposals we selected under our FY11
I RAD pro gram, 43 perce nt are co n s i d e red earl y-stage innovat i o n s. Twe nty- t h ree perce nt of our port fo l i o
we nt to earl y-c a reer innovato r s, defined as those who have no more than seven years of pro fe s s i o n a l
ex p e ri e n ce.

We also have cre ated a new line of business that encompasses a capability Go d d a rd has always
e n j oyed — suborbital plat fo rms and range serv i ce s. With NASA’s focus on mat u ring emerging te c h-
n o l o gies faste r, we need to assure te c h n o l o gical adva n ces in the ve ry plat fo rms needed to test new
i n s t r u m e nt s, co m p o n e nt s, and co n ce p t s.

As the last 12 months showe d, we are making pro gress in multiple areas of technology R&D. In short,
we have mapped our course and we plan to leave a tra i l.

In FY10, God d a rd added a new
line of business — subo r b i t a l
platforms and range serv i ce s.
Designating a specific line of

business for this area officially
re cog n i zed a ca p a b i l i ty God d a rd

has long offered to the scientific
re s e a rch co m mu n i ty. It also

a s s u res co n t i nued inve s t m e n t s
in sounding roc ket te c h n o l og y.

On De c. 2, 2010, the Of f i ce of the
Chief Te c h n o l ogist held its
a n nual “Po s ter Se s s i o n” to

ce l e b ra te and ackn owledge the
ye a r’s R&D achieve m e n t s. Ea r l i e r

in the day, NASA Chief
Te c h n o l ogist Bo b by Bra u n

headlined an “Open Se s s i o n”
with employees where he
discussed NASA’s plans to

a d va n ce emerging te c h n o l og i e s
and the need for NASA leader-

ship to take gre a ter risks infusing
new te c h n o l ogy into

s p a ceflight prog ra m s.

Fu t u re: Mat u ring Te c h n o l o gies Fa s te r
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Dr. John B. Sigwa rth  •  1960-2010
The Go d d a rd technology co m m u n i ty suffe red a pro found loss on De c. 13, 2010, with the passing of
D r. John B. Sigwa rth, a wo rl d - re n owned ex p e rt in the physics of Eart h’s Au ro ra Bo realis and este e m e d
member of our te a m .

John wo re many hat s. He was the pro j e ct scientist for the Polar mission and the principal inve s t i g ator fo r
one of the miniat u ri zed instruments flying on the re ce ntly launched FA S TS AT mission. At the time of his
u n ex p e cted death, he was developing new instrument ation to image the Eart h’s therm o s p h e re and
leading one of the ce nte r’s Explorer mission pro p o s a l s.

In spite of this incredibly busy schedule, John still found time to help Go d d a rd’s Heliophysics Line of
Business Ma n a g e m e nt Team fo rm u l ate the ce nte r’s strate gies for investing in te c h n o l o gies assuring NASA’s
leadership in scientific discove ry well into the future. Without his persiste n ce and enthusiastic support, it is
almost ce rtain that the three R&D-funded heliophysics instruments flying on FA S TS AT would not be in
o rbit to d ay. As one of his colleagues said: “John was so critical to seeing that our part i c i p ation on
FA S TS AT occ u rre d.”

To say John will be missed is an understate m e nt. In fact, wo rds do not co nvey the sense of loss our
co m m u n i ty bears now and in the future. His dedication, compassion, co m m i t m e nt, and ex p e rt i s e
cannot be re p l a ce d.

John takes a moment with his
two young children, James and

Da rcy. An older son, Karl, is
s e rving with the Marines

in Af g h a n i s t a n .

In Me m o ri a m
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